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(57) The present invention relates to providing a psy-
chiatric symptom and psychiatric disorder onset risk eval-
uation method and evaluator using a heart rate variability
index for checking for the risk of onset of a psychiatric
disorder.

The evaluator includes a heart rate variability ana-
lyzer A having a heart rate measuring instrument 1, a
heartbeat interval measuring instrument 2, a frequency
analyzer 3, a sympathetic/parasympathetic nervous sys-
tem index analyzer 4, and a psychiatric symptom/psy-
chotic disorder onset risk calculator 5, and a random
number generation analyzer B having a random number
input unit 6, a random number score calculation unit 7,
and a display unit 8. Frequency analysis of a heart rate
measurement and a heartbeat interval measurement of
a subject is performed to determine a high-frequency in-
dex, a low-frequency index and a ratio therebetween,
and from the result of the frequency analysis, the sym-
pathetic nervous system index, the parasympathetic
nervous system index, and the heart rate are calculated
in the three states, i.e., the resting state, the random
number generation task performing state, and the resting
state after task performance, the sympathetic nervous
system index, parasympathetic nervous system index,
and heart rate calculated in the respective state being
compared in a multilateral manner, for evaluation, with
threshold values set from a sympathetic nervous system
index and a parasympathetic nervous system index of a
healthy subject that have been previously calculated and
stored.
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Description

Technical Field

[0001] The present invention relates to a psychiatric
symptom and psychiatric disorder onset risk evaluation
method and evaluator using a heart rate variability index.
In the text below, references in brackets ([]) refer to the
list of references provided at the end of the text.

Background Art

[0002] The beating rate of a heart is always changed.
In other words, the interval between heartbeats is ex-
tended and shortened in a repetitive manner. This is the
heart rate variability, and the change thereof is subjected
to control of the autonomic nervous system. The auto-
nomic nervous system is composed of a sympathetic
nervous system which arouses and strains the mind and
body, and a parasympathetic nervous system which se-
dates and rests the same. Various physiological and
pharmacological researches beginning at the research
by Akselrod et al. (American Journal of Physiology, 249:
H867-875, 1985 [1]) have found that the component of
0.04 to 0.15 hertz (Low Frequency: LF) of the heart rate
variability reflects both activities of the sympathetic nerv-
ous system and the parasympathetic nervous system,
while the component of 0.15 to 0.4 hertz (High Frequen-
cy: HF) thereof reflects the activity of the parasympathetic
nervous system. In addition, using the ratio of LF/HF as
an index of the sympathetic nervous system activity is
practiced by a number of researchers.
[0003] These indices are standardized by the Europe-
an Society of Cardiology, and the like, and are used as
a guideline (Malik, M. Heart rate variability: Standards of
measurement, physiological interpretation, and clinical
use. Circulation 93,1043-1065, 1996 [2]), being utilized
for pathology analysis of heart diseases.
[0004] In recent years, various attempts to utilize the
heart rate variability for evaluation of the mental status
have been made, and various methods for accurately
and conveniently measuring the heart rate variability
have been proposed. For example, in Japanese Patent
Publication No. 4568825 [3], in consideration of the fact
that the parasympathetic nervous system component of
a heart rate variability is closely related to the breathing
rhythm, a method for calculating the index of the para-
sympathetic nervous system activity on the basis of the
length of one breath is proposed.
[0005] In Japanese Patent Publication No. 4487015
[4], in consideration of the fact that the LF and HF may
greatly vary depending upon the individual difference or
the difference produced in repetitive recording, it is pro-
posed that a coefficient of variation of RR interval (CVRR)
should be incorporated in the mathematical expression
to indicate the sympathetic nervous system activity and
the parasympathetic nervous system activity with new
indices, i.e., (CVRR x LF/(LF + HF)) and (CVRR x HF/(LF

+ HF)), respectively, and in Japanese Unexamined Pat-
ent Publication No. 2008-229223 [5], a short-time Fourier
method which uses heartbeat data obtained through as
small as 100 beats for analysis is proposed.
[0006] In addition, a method for accurately analyzing
the mental state through the analysis of the combination
with or correlation to another index, such as a brain wave
or a blood pressure, is also proposed. For example, in
Japanese Patent Publication No. 4410234 [6] and Jap-
anese Unexamined Patent Publication No. 2009-207763
[7], a method is disclosed which analyzes the correlation
by determining the pattern of breathing, the rhythm of
blood pressure change, the coefficient of R-wave ampli-
tude in an electrocardiograph, and the like in addition to
the heart rate variability.
[0007] However, while these methods disclosed in the
above-mentioned patent documents contribute to the
progress of the measuring or analyzing method, these
patent documents have no specific disclosure about how
to utilize the invention for analysis or diagnosis of the
change in mental status or pathology of a psychiatric dis-
order. Thus, there has been no preferred method for im-
plementing utilization of a heart rate variability index in
analysis, diagnosis, or prevention of the change in pa-
thology of a psychiatric disorder, however, there are
available the following patent documents which intend
implementation thereof, and many of them focus on eval-
uation of the stress state.
[0008] The change in heart rate variability in the stress
state can be a change which is a healthy reaction per se,
and therefore, the change is not the same as that related
to a psychiatric disorder or the risk of onset thereof, how-
ever, there are no prior art documents which mention this
point.
[0009] The invention disclosed in Japanese Patent
Publication No. 4637963 [8] uses heart rate variability
indices before and after deep breathing and from the dif-
ference, checks for health state. It is a publicly known
fact that the rhythm of breathing can have an influence
on the heart rate variability. The heart rate variability in-
dex for the parasympathetic nervous system depends on
the rhythm of breathing. The health checking method us-
ing the rhythm of breathing is meaningful, however, it is
supposed that the method perhaps focuses on the reac-
tion persistence of the parasympathetic nervous system
to the breathing. Also about depression, the document
states that "it can be simply and instantaneously made
clear that there is a high possibility of the subject having
depression", however, there have been no clinical ob-
servations proving that utilization of the heart rate varia-
bility due to the breathing load is useful for identification
of depression. It is supposed that, for evaluation of the
psychiatric symptom and the depression, a mental load
should be imposed on the subject.
[0010] Further, the invention disclosed in Japanese
Patent Publication No. 4238321 [9] imposes a mental
arithmetic stress on the subject, and from the change in
heart rate variability power value and frequency, verifies
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the existence of a stress. However, in the patent docu-
ment disclosing this invention, it is stated that "an average
power value of 0.2 Hz or under is calculated", but if an
average is determined for this frequency band, the aver-
age involves both of the sympathetic nervous system
component and the parasympathetic nervous system
component, thereby the autonomic nervous system eval-
uation cannot be accurately performed, which is a prob-
lem.
[0011] Further, for the invention disclosed in Japanese
Patent Publication No. 4238321 [9], it is stated that "when
the average power frequency is increased to or over a
prescribed value with respect to the criterion value, it is
judged that the subject is feeling an emotional stress",
however, there is no discussions about a fact that re-
sponding to a stressor is different from falling in a path-
ologic stress condition, which is a problem. In other
words, it is often a healthy activity that the autonomic
nervous system reacts to a mental load, while, in a path-
ologic stress condition, such reaction is not caused, is
excessive, is delayed or disordered, but the invention is
lacking consideration about this point.
[0012] Further, with the invention disclosed in Japa-
nese Patent Publication No. 3250474 [10], the heart rate
and the indices of the sympathetic and parasympathetic
nervous system activities are recorded in the resting state
and the task performing state, the data being expressed
as a distribution graph, and determines that, if the data
for one state is overlapped on that for the other in many
places, the subject has a stress.
[0013] However, this method gives indices of the sym-
pathetic and parasympathetic nervous system activities
on the basis of the dispersion of change in heart rate,
such indices involving the activities of both sympathetic
nervous system and parasympathetic nervous system,
however, both of these activities have meanings in the
contradictory directions, i.e., positive and negative ones
concerning the mental status, thereby utilization of the
indices having a mixture of those presents a problem. In
addition, utilizing the unitary evaluation method, which is
based on only the overlapping of distribution data in the
resting state and that in the task performing state, for
evaluation of a complicated mental status is difficult, as
with the inventions mentioned above.

Summary of Invention

Technical Problem

[0014] The heart rate fluctuation and other various au-
tonomic nervous system activities are carried out under
the control of the controlling center in the brain stem,
however, it is known that they are heavily influenced by
the mental status. The modern society gives much stress,
and the incidence rate of the psychiatric disorder, such
as depression, the number of employees on administra-
tive leave and that of suicides are being increased. How-
ever, the diagnosis of the psychiatric symptom is subjec-

tive, and as described above, the early treatment and
prevention using an objective index have not yet been
put into practical use.
[0015] The present invention has been made in view
of such medical and societal situations in which devel-
opment of an objective evaluation method has been de-
manded, and it is an object of the present invention to
provide a psychiatric symptom and psychiatric disorder
onset risk evaluation method and evaluator using a heart
rate variability index that are useful for biologically eval-
uating the psychiatric symptom through the analysis of
the autonomic nervous system activity on the basis of a
heart rate variability measurement, and effective for un-
derstanding the psychiatric symptom and checking for
psychiatric disorder onset risk.

Solution to Problem

[0016] The inventor of the present invention has con-
sidered that the problems of the prior art in the field of
heart rate variability analysis are attributable to the fact
that there is an individual difference in heart rate varia-
bility index value, and that only the measurement in the
steady state, such as the resting state, is used for anal-
ysis, and found that, in order to analyze an important
pathology of psychiatric disorder of the disability of mind
to respond in different situations, it is necessary to ex-
amine the responsiveness to situation and the ability to
control, having completed the present invention.
[0017] The invention solve the above-mentioned prob-
lems by furnishing a method for utilizing a heart rate var-
iability index for diagnosis of a psychiatric disorder or
detection of the risk of onset thereof, including:

the task presentation and frequency analysis step at
which frequency analysis is performed on a meas-
ured heart rate and a measured heartbeat interval
of a subject for determining a high-frequency index,
a low-frequency index and a ratio therebetween;
the sympathetic nervous system and parasympa-
thetic nervous system index calculation step at which
a sympathetic nervous system index and a parasym-
pathetic nervous system index are calculated from
the result of the frequency analysis; and
the index comparison evaluation step at which the
heart rate, sympathetic nervous system index and
parasympathetic nervous system index calculated
are compared, for evaluation, with threshold values
which have been determined from the heart rate, the
sympathetic nervous system index, and the para-
sympathetic nervous system index of a healthy sub-
ject that have been previously calculated and stored,
the high-frequency index, the low-frequency index,
and the ratio therebetween at the frequency analysis
step being those which have been obtained through
the measurement and frequency analysis in three
states, i.e., the resting state, the task performing
state, and the resting state after task performance
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of the subject, respectively, and
the threshold values being set so as to reflect the
psychiatric disorder and the risk of onset thereof in
a multilateral manner for every index in the respec-
tive states.

[0018] In a preferred embodiment, as the task to be
imposed on the subject at the frequency analysis step,
a task with which the individual difference in achievement
level is small is used, and as the task with which the
individual difference in achievement level is small, ran-
dom number generation is used.
[0019] Further, the invention provides a psychiatric
symptom and psychiatric disorder onset risk evaluator,
including:

a heart rate variability analyzer and a random
number generation analyzer,
wherein the heart rate variability analyzer is config-
ured to include a heart rate measuring instrument, a
heartbeat interval measuring instrument, a frequen-
cy analyzer, a sympathetic/parasympathetic nerv-
ous system index analyzer, and a psychiatric symp-
tom/psychotic disorder onset risk calculator, and
the random number generation analyzer is config-
ured to include a random number input unit, a ran-
dom number score calculation unit, and a display
unit,
the heart rate variability analyzer performing fre-
quency analysis of a heart rate value and a heartbeat
interval of a subject that have been measured in the
resting state, the task performing state, and the rest-
ing state after task performance of the subject, re-
spectively, for calculating a high-frequency index, a
low-frequency index, and a ratio therebetween,
wherein the psychiatric symptom/psychiatric disor-
der onset risk calculator includes a storage unit and
a comparison unit,
the storage unit storing threshold values which have
been previously set on the basis of a high-frequency
index, a low-frequency index and a ratio there be-
tween which have been obtained from frequency
analysis of a heart rate and a heartbeat interval of a
healthy subject that have been measured in the rest-
ing state before task performance, the task perform-
ing state, and the resting state after task perform-
ance, respectively, and
the comparison unit comparing the relevant thresh-
old values with the high-frequency index, the low-
frequency index and the ratio therebetween of the
subject, and depending upon whether the index ex-
ceeds the relevant threshold value, whether there is
a prescribed psychiatric symptom or not, and the ex-
istence of psychosis risk being determined.

Advantageous Effects of Invention

[0020] The present invention is as described above,

and it reflects the fact that the sympathetic nervous sys-
tem index and the parasympathetic nervous system in-
dex in the task performing state and the resting state after
task performance are different from the index in the rest-
ing state before task performance, and determines and
analyzes the high-frequency index, the low-frequency in-
dex, and the ratio therebetween in the resting state, the
task performing state, and the resting state after task
performance of the subject, respectively, at the frequency
analysis step, thereby the relevant data being extremely
effective as data for determining whether there is a pre-
scribed psychiatric symptom and evaluating the psychi-
atric disorder onset risk, and therefore allowing determi-
nation of whether there is a psychiatric symptom and
evaluation of the psychiatric disorder onset risk to be per-
formed properly.
[0021] In addition, as the task to be imposed on the
subject at the frequency analysis step, a task with which
a difference due to the capability or experience of the
subject is not easily produced, and the individual differ-
ence in achievement level is small is used, and for this,
random number generation is used for example, thereby
the data for the high-frequency index, the low-frequency
index, and the ratio therebetween in the resting state, the
task performing state, and the resting state after task
performance of the subject that is used for evaluating the
pathological condition being effective data which will not
be influenced by the individual difference in task achieve-
ment level.

Brief Description of Drawings

[0022]

- Figure 1 is a chart illustrating the flow of operation
by a psychiatric symptom and psychiatric disorder
onset risk evaluation method in accordance with the
present invention;

- Figure 2 is a diagram illustrating the configuration of
a psychiatric symptom and psychiatric disorder on-
set risk evaluator in accordance with the present in-
vention; The reference sign A denotes a heart rate
variability analyzer; B a random number generation
analyzer; 1 a heart rate measuring instrument; 2 a
heartbeat interval measuring instrument; 3 a fre-
quency analyzer; 4 a sympathetic/parasympathetic
nervous system index analyzer; 5 a psychiatric
symptom/psychiatric disorder onset risk calculator;
6 random number input unit; 7 a random number
score calculation unit; and 8 a display unit.

- Figure 3 gives graphs as an example of measure-
ment results and pattern diagrams for a healthy sub-
ject illustrating the psychiatric symptom and psychi-
atric disorder onset risk evaluation method in accord-
ance with the present invention; and

- Figure 4 gives heart rate variability index distribution
diagrams illustrating the psychiatric symptom and
psychiatric disorder onset risk evaluation method in
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accordance with the present invention.

Description of Embodiments

[0023] The method in accordance with the present in-
vention is a method for utilizing a heart rate variability
index to make diagnosis of a psychiatric disorder or de-
tection of the onset risk, however, it is a method which
analyzes the three distinct conditions of anxiety strain,
avolition, and fatigue rather than an unarticulated mind
and body sickness which is expressed by a word of
stress, and which, in order to allow the analysis thereof,
utilizes the data obtained in the three states of the resting
state before task presentation, the task performing state,
and the resting state after task performance.
[0024] In other words, the psychiatric symptom and
psychiatric disorder onset risk evaluation method using
a heart rate variability index in accordance with the
present invention includes:

the task presentation and frequency analysis step at
which frequency analysis is performed on a meas-
ured heart rate and a measured heartbeat interval
of a subject for determining a high-frequency index,
a low-frequency index and a ratio therebetween;
the sympathetic nervous system and parasympa-
thetic nervous system index calculation step at which
a sympathetic nervous system index and a parasym-
pathetic nervous system index are calculated from
the result of the frequency analysis; and
the index comparison evaluation step at which the
heart rate, sympathetic nervous system index and
parasympathetic nervous system index calculated
are compared, for evaluation, with threshold values
which have been determined from the heart rate, the
sympathetic nervous system index, and the para-
sympathetic nervous system index of a healthy sub-
ject that have been previously calculated and stored,
the high-frequency index, the low-frequency index
and the ratio therebetween at the frequency analysis
step being those which have been obtained through
the measurement and frequency analysis in the rest-
ing state, the task performing state, and the resting
state after task performance of the subject, respec-
tively, and
the threshold values being set so as to reflect the
psychiatric symptom and the psychiatric disorder on-
set risk.

[0025] Further, the psychiatric symptom and psychiat-
ric disorder onset risk evaluator using a heart rate vari-
ability index in accordance with the present invention is
an evaluator for implementing the above-mentioned
method, and as shown in Figure 2, the evaluator includes
a heart rate variability analyzer A, and a random number
generation analyzer B, utilizing random number genera-
tion as a task to be imposed on a subject. The heart rate
variability analyzer A is configured to include a heart rate

measuring instrument 1, a heartbeat interval measuring
instrument 2, a frequency analyzer 3, a sympathetic/par-
asympathetic nervous system index analyzer 4, and a
psychiatric symptom/psychiatric disorder onset risk cal-
culator 5. In addition, the random number generation an-
alyzer B is configured to include a random number input
unit 6, a random number score calculation unit 7, and a
display unit 8.
[0026] With the heart rate variability analyzer A, the
heart rate measuring instrument 1 and the heartbeat in-
terval measuring instrument 2 give a heart rate value and
a heartbeat interval measurement for the subject in the
resting state, the task performing state, and the resting
state after task performance of the subject, respectively.
And, with the frequency analyzer 3, frequency analysis
of those measurements is performed for calculating a
high-frequency index, a low-frequency index and a ratio
therebetween.
[0027] The psychiatric symptom/psychiatric disorder
onset risk calculator 5 includes a storage unit and a com-
parison unit, the storage unit storing threshold values
which have been previously set as criteria for evaluation.
These threshold values are set by imposing random
number generation on a healthy subject as a task in the
same manner as on the subject, making frequency anal-
ysis of the heart rate value and the heartbeat interval
measurement which have been given in the resting state
before task performance, the task performing state, and
the resting state after task performance, respectively, to
obtain a high-frequency index, a low-frequency index and
a ratio therebetween, and, for each of those, referencing
an investigational case. And, with the comparison unit in
the psychiatric symptom/psychiatric disorder onset risk
calculator 5, such threshold values are compared with
the high-frequency index, the low-frequency index and
the ratio therebetween of the subject, respectively, which
have been sent from the sympathetic/parasympathetic
nervous system index analyzer 4, and depending upon
whether those indices exceed the relevant threshold val-
ue, and to what degree they exceed, whether there is a
psychiatric symptom or not, and the psychiatric disorder
onset risk are evaluated.
[0028] Next, the method in accordance with the
present invention will be described in detail in the order
of step with reference to the flowchart shown in Figure 1.

Task presentation and frequency analysis step

[0029] The task presentation and frequency analysis
step is a step (composed of step S1 to S5) which performs
frequency analysis on the heart rate measurement and
the heartbeat interval measurement for the subject to de-
termine the high-frequency index, the low-frequency in-
dex and the ratio therebetween. For measuring the heart
rate of the subject, an existing heart rate measuring sys-
tem may be used. In addition, on the basis of the heart-
beat interval obtained from an electrocardiograph or a
pulse wave, frequency analysis of the heart rate trend
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data is performed to determine the high-frequency index
(HF), the low-frequency index (LF), and the ratio (LF/HF)
between both indices, which have been used on various
apparatuses up to now. Determining the HF, LF, and
LF/HF values in this way has been conventionally per-
formed, and it is known that the HF index reflects the
parasympathetic nervous system activity, the LF index
reflecting both of the sympathetic and sympathetic nerv-
ous system activities, and the LF/HF index the sympa-
thetic nervous system activity.
[0030] However, with the method in accordance with
the present invention, the high-frequency index, the low-
frequency index, and the ratio therebetween are obtained
by making frequency analysis (at step S5) of the data
which has been measured in the resting state (at step
S1), the task performing state (at step S3), and the resting
state after task performance (at step S4) of the subject,
respectively. And, the performance task to be imposed
on the subject at step S2 is preferably a task with which
the individual difference in achievement level is small, in
other words, a difference due to the capability or experi-
ence of the subject is not easily produced (the task, such
as mental arithmetic, which is used by the invention dis-
closed in Japanese Patent Publication No. 4238321 [9]
provides a great individual difference, thereby there be-
ing a possibility that effective data may not be obtained),
and thus, it is recommended to use, for example, a ran-
dom number generation task, however, the task is, of
course, not limited to this, and any task equivalent thereto
will suffice.
[0031] For example, the random number generation
task should have a content of "saying numbers of one-
digit from 0 to 9 in an order as random as possible". And,
the subject is instructed to "do his or her best", being
away from the initial relax state. The random number
generation itself reflects the degree of attention, and the
task performing state is evaluated on the randomness
score. For calculating the randomness score, the count-
ing bias and interval bias, the random number generation
index, etc. can be used (Shinba et al., Perceptual and
Motor Skills 91, 1091-1105, 2000). Before the test,
checking for anxiety depression state is performed by
the self-filling-in type questionnaire sheet method.

Sympathetic/parasympathetic nervous system index cal-
culation step

[0032] The sympathetic/parasympathetic nervous
system index calculation step (step S6) is a step at which
the sympathetic nervous system index and the parasym-
pathetic nervous system index are calculated from the
result of the frequency analysis. As described above, with
the method in accordance with the present invention, the
data is used which has been obtained in the three states,
i.e., the resting state, the task performing state, the rest-
ing state after task performance. In other words, the heart
rate measurement and the heartbeat interval measure-
ment obtained in each of these three states are frequen-

cy-analyzed to determine/calculate the three items, i.e.,
the heart rate (HR), the sympathetic nervous system ac-
tivity index (LF/HF), and the parasympathetic nervous
system activity index (HF), thereby nine indices in total
being obtained to be stored for use in evaluation of the
pathology, and the like.

Index comparison evaluation step

[0033] The index comparison evaluation step (step S7)
is a step at which the sympathetic nervous system index
and the parasympathetic nervous system index, which
have been calculated and stored, are compared, for eval-
uation, with threshold values which have been deter-
mined from the sympathetic nervous system index and
the parasympathetic nervous system index of a healthy
subject that have been previously calculated and stored.
The sympathetic nervous system index and the parasym-
pathetic nervous system index of a healthy subject in this
case are also obtained in the same manner as those of
the subject by making frequency analysis of the heart
rate measurement and the heartbeat interval measure-
ment of the healthy subject that have been obtained in
the resting state, the task performing state, and the rest-
ing state after task performance, respectively. And, the
threshold values, which are previously set as comparison
criteria, are set so as to reflect the psychiatric symptom
and the psychiatric disorder onset risk (varying depend-
ing upon the type of psychiatric disorder).
[0034] The heart rate variability index of a healthy sub-
ject is biased in activity balance to the parasympathetic
nervous system side in the initial resting state, and in the
task performing state, the parasympathetic nervous sys-
tem index is lowered, while, in the resting state after task
performance, the original condition is restored (refer to
the example of measurements and the pattern diagrams
in Figure 3). And, if a reaction which is greatly deviated
from that in the healthy activity state is recognized, in
other words, if the difference from the threshold value
exceeds a prescribed value, the condition is detected as
an abnormal one. The inventor of the present invention
has used the data for fifty healthy subjects and twenty-
two depression subjects to obtain a finding which pro-
vides a statistically significant difference (Figure 4), and
it is supposed that the method in accordance with the
present invention has a high credibility in risk evaluation
for the psychiatric disorder including depression.
[0035] For example, Figure 4 gives an example of uti-
lization of the evaluation method for depression, showing
distributions of the data for nine different heart rate var-
iability indices of depressives (at left) and healthy sub-
jects (at right). Among the nine graphs, those to which
the word "ratio" is attached use the ratio between indices
(rel-rest), which is later described in the paragraph
[0038]. The data as a whole exhibits a clear difference
between the group of depressives and that of healthy
subjects, however, the data distribution in a portion of
the graph for the group of healthy subjects that is circled
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is similar to that in the corresponding portion of the graph
for the group of depressives, and is evaluated to provide
a possible risk of depression onset. For another type of
psychiatric disorder, the method for utilizing the indices
is altered for an optimum result.
[0036] As described above, the method in accordance
with the present invention uses the nine heart rate vari-
ability indices in total, i.e., the HF, LF/FH, and heart rate
(HR) in the three states, i.e., the resting state (abbrevi-
ated to "rest"), the task performing state (abbreviated to
"task"), and the resting state after task performance (ab-
breviated to "post") to evaluate the autonomic nervous
system imbalance for performing diagnosis of a stress
related psychiatric disorder, such as depression, and
clarifying the risk thereof.
[0037] The nine different indices can be further utilized
as the absolute value (abbreviated to "abs") and the ratio
or difference in relation to the index in the resting state
(abbreviated to "rel-rest"), or the ratio or difference in re-
lation to the index in the task performing state (abbrevi-
ated to "rel-task"). For example, the nine different indices
can be used, being expanded to the following eighteen
different indices:

1) HFrest-abs,
2) HFtask-abs,
3) HFtask-rel-rest,
4) HFpost-abs,
5) HFpost-rel-rest,
6) HFpost-rel-task,
7) LF/HFrest-abs,
8) LF/HFtask-abs,
9) LF/HFtask-rel-rest,
10) LF/HFpost-abs,
11) LF/HFpost-rel-rest,
12) LF/HFpost-rel-task,
13) HRrest-abs,
14) HRtask-abs,
15) HRtask-rel-rest,
16) HRpost-abs,
17) HRpost-rel-rest, and
18) HRpost-rel-task.

[0038] The value in the resting state expresses the
state in which the subject is relaxed; the value in the task
performing state expresses the reaction upon the stress
being imposed; and the value in the resting state after
task performance depicts the change through which the
nervous system restores the relaxed state, these values
being used for evaluation of the anxiety strain state, the
avolition, and the fatigue or somatic symptom, respec-
tively. Figure 3 gives one example of using the values,
and in this example, from the data obtained by continu-
ously determining the HF value and LF/HF value, and
HR value every 2 seconds for approx. 100 seconds in
the resting state, for approx. 100 seconds in the random
number generation task performing state, and for approx.
100 seconds in the resting state after task performance,

average values were calculated for the above-mentioned
three respective time periods for use as the indices. In
the example given in Figure 3, because the data was
analyzed by the maximum entropy method every 2 sec-
onds for 1 minute, the numerical values obtained over 1
minute from 30 seconds after the start of the respective
states were averaged.
[0039] For example, threshold values of a, b, c, d, e, f,
and g (which are given in the expression of HFrest < a,
HFtask-rel-rest > b, HFpost-rel-rest > c, LF/HFrest > d,
LF/HFtask-rel-rest < e, LF/HFpost-abs > f, and HRrest >
g, respectively) are set, and if the index concerned meets
the relevant expression, a psychiatric symptom score is
given as an observation (at step S8). Such psychiatric
symptom scores can be used alone or in combination.
The threshold values are determined from the difference
in data between the healthy subject and the subject.
[0040] Each of the psychiatric symptom score consti-
tuted by a combination of the above-mentioned heart rate
variability index scores, the questionnaire sheet score,
and the random number generation score, or a combi-
nation of these is used as a psychiatric disorder risk score
(at step S8 to step S10). If the psychiatric disorder risk
score exceeds a certain threshold value, it is determined
that there is a high risk that the subject may contract a
disease.
The psychiatric symptom score or the psychiatric disor-
der risk score may be expressed as a mark or a comment
for use as a result of measurement (at step S11).
[0041] The present invention relates to a method and
apparatus which utilize a heart rate variability index for
diagnosis of a psychiatric disorder, such as depression,
or detection of the risk of onset thereof, however, the
present invention has been made on the basis of the
finding of the inventor of the present invention that "the
sympathetic nervous system indices and the parasym-
pathetic nervous system indices in the task performing
state and the state after task performance are different
from the indices in the resting state before task perform-
ance", and until now there have been made no approach-
es from such viewpoint. In case where a conventional
heart rate variability index which has not been grounded
on such an approach is used for evaluation, only the value
obtained in one state, such as the resting state, is mainly
used, and therefore, in order to analyze an important pa-
thology of psychiatric disorder of disability to respond to
a change, it would become necessary to examine the
responsiveness to situation and the ability to control.
[0042] The method in accordance with the present in-
vention divides the sympathetic nervous system activity
index and the parasympathetic nervous system activity
index into the basic value in the resting state, the reaction
value in the task performing state, and the recovery value
in the resting state after task performance for analysis,
and evaluates the pathological condition in the respective
three states, while it offers another advantage that the
somatic symptoms, such as anxiety strain, avolition, and
fatigue, which are a plurality of aspects of the psychiatric
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disorder, such as depression, anxiety disorder, and
stress disorder, can be analyzed in separate and multi-
lateral manners.
[0043] Hereinabove, the present invention has been
explained in detail to some extent, and about the most
preferred embodiment, however, since it is obvious that
a wide range of different embodiments can be made with-
out departing from the spirit and scope of the present
invention, it is to be understood that the present invention
is not limited to the specific embodiments thereof except
as defined in the appended claims.

[Reference Signs List]

[0044] The reference sign A denotes a heart rate var-
iability analyzer; B a random number generation analyz-
er; 1 a heart rate measuring instrument; 2 a heartbeat
interval measuring instrument; 3 a frequency analyzer;
4 a sympathetic/parasympathetic nervous system index
analyzer; 5 a psychiatric symptom/psychiatric disorder
onset risk calculator; 6 random number input unit; 7 a
random number score calculation unit; and 8 a display
unit.
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249: H867-875, 1985
2. Malik, M. Heart rate variability: Standards of meas-
urement, physiological interpretation, and clinical
use. Circulation 93,1043-1065, 1996
3. Japanese Patent Publication No. 4568825
4. Japanese Patent Publication No. 4487015
5. Japanese Unexamined Patent Publication No.
2008-229223
6. Japanese Patent Publication No. 4410234
7. Japanese Unexamined Patent Publication No.
2009-207763
8. Japanese Patent Publication No. 4637963
9. Japanese Patent Publication No. 4238321
10. Japanese Patent Publication No. 3250474

Claims

1. An ex-vivo method for utilizing a heart rate variability
index for diagnosis of a psychiatric disorder or de-
tection of the risk of onset thereof, comprising:

the task presentation and frequency analysis
step at which frequency analysis is performed
on a measured heart rate and a measured heart-
beat interval of a subject for determining a high-
frequency index, a low-frequency index and a
ratio therebetween;
the sympathetic nervous system and parasym-

pathetic nervous system index calculation step
at which a sympathetic nervous system index
and a parasympathetic nervous system index
are calculated from the result of said frequency
analysis; and
the index comparison evaluation step at which
said heart rate, sympathetic nervous system in-
dex and parasympathetic nervous system index
calculated are compared, for evaluation, with
threshold values which have been determined
from the heart rate, the sympathetic nervous
system index, and the parasympathetic nervous
system index of a healthy subject that have been
previously calculated and stored,
the high-frequency index, the low-frequency in-
dex, and the ratio therebetween at said frequen-
cy analysis step being those which have been
obtained through the measurement and fre-
quency analysis in three states, i.e., the resting
state, the task performing state, and the resting
state after task performance of said subject, re-
spectively, and
said threshold values being set so as to reflect
the psychiatric symptom and the psychiatric dis-
order onset risk in a multilateral manner for every
index in the respective states.

2. The ex-vivo method according to claim 1, wherein,
as the task to be imposed on the subject at said fre-
quency analysis step, a task with which the individual
difference in achievement level is small is used.

3. The ex-vivo method according to claim 1 or 2, where-
in, as said task with which the individual difference
in achievement level is small, random number gen-
eration is used.

4. A psychiatric symptom and psychiatric disorder on-
set risk evaluator, comprising:

a heart rate variability analyzer and a random
number generation analyzer,
wherein said heart rate variability analyzer is
configured to include a heart rate measuring in-
strument, a heartbeat interval measuring instru-
ment, a frequency analyzer, a sympathetic/par-
asympathetic nervous system index analyzer,
and a psychiatric symptom/psychotic disorder
onset risk calculator, and
said random number generation analyzer is con-
figured to include a random number input unit,
a random number score calculation unit, and a
display unit,
said heart rate variability analyzer performing
frequency analysis of a heart rate value and a
heartbeat interval of a subject that have been
measured in the resting state, the task perform-
ing state, and the resting state after task per-
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formance of said subject, respectively, for cal-
culating a high-frequency index, a low-frequen-
cy index, and a ratio therebetween,
wherein said psychiatric symptom/psychiatric
disorder onset risk calculator includes a storage
unit and a comparison unit,
said storage unit storing threshold values which
have been previously set on the basis of a high-
frequency index, a low-frequency index and a
ratio therebetween which have been obtained
from frequency analysis of a heart rate and a
heartbeat interval of a healthy subject that have
been measured in the resting state before task
performance, the task performing state, and the
resting state after task performance, respective-
ly, and
said comparison unit comparing the relevant
threshold values with the high-frequency index,
the low-frequency index and the ratio therebe-
tween of the subject, and depending upon
whether the index exceeds the relevant thresh-
old value, whether there is a prescribed psychi-
atric symptom or not, and the existence of psy-
chosis risk being determined.
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